SUMMARY: We present the central velocity dispersion measurements of the nearby galaxies from the Sloan Digital Sky Survey (SDSS). Using the sample from the paper by Ho et al. 2009, we have selected 23 galaxies for which we calculate the velocity dispersion. We have used the Penalized Pixel-Fitting code (Cappellari and Emsellem2004) to measure the velocity dispersion throughout the four chosen spectral regions: (3800,4568)Å, (4568,5336)Å, (5336,6104) and (6104,6872)Å. In all these regions, we have separately calculated dispersions and corresponding errors. We found that the measured values may vary with the change of spectral region, but, if weighted properly with the measure of the goodness of the fit, the final results will be shifted coloser to those for the best fitting regions. We have also tested how the use of different spectral libraries (Miles, Valdes and Elodie databases) influences measurements and we showed that they do not affect measurements much. However, Elodie stellar library introduces the smallest errors in the velocity dispersion and it is the most stable throughout all four spectral regions. For these reasons it should be used preferentially when dealing with the SDSS spectra. We compare the results with the above mentioned paper and find a reasonable agreement. The agreement with the dispersions available in the HyperLeda database is very poor. The best agreement is obtained with SDSS measurements. We believe that our measurements are useful since SDSS velocity dispersions measurements are not available for many galaxies and the method of calculation of the velocity dispersion outlined in this work enables calculation of velocity dispersion for any galaxy. Of course, spectra with signal-to-noise ratio below 20 should be taken with caution.
INTRODUCTION
Accurate velocity dispersion measurements became a key point in our understanding of galaxies due to various correlations with other physical parameters. All scaling relations that depend on the velocity dispersion, particularly higher-order power law σ-relations, revealed the significance of accurate velocity dispersion measurements. The correlation between the maximum rotational velocity of the disk and the central stellar velocity dispersion of the bulge (v m ∼ σ 0 ) offers insight into the relationship between the halo and the bulge (Ho 2007) . The well known Faber-Jackson relation (Faber and Jackson 1976) , as well as the recently discovered tight correlation between stellar velocity dispersion and black hole mass (Ferrarese and Merritt 2000, Gebhardt et al. 2000) , scale as the 4th order power law (M BH ∝ σ 4 ), suggesting that small errors in velocity dispersion measurements produce large errors in these scaling relations. Bearing this in mind, we were driven to find the most insensitive way of measuring velocity dispersions using different spectral regions and stellar templates. Here, we present velocity dispersions for the nearby 23 galaxies in 4 different spectral regions using 3 different stellar libraries and we calculate the velocity dispersion using stars of all spectral types, and of a combination of only G+K stars to find possible degeneracies. Finally, we perform an extensive analysis of various parameters that can influence velocity dispersion measurements and we made a comparison of kinematical parameters to the work of Ho et al. 2009 (Ho09) . The outline of the paper is as follows: Section 2 describes the sample of galaxies used in this study, followed by a short description of the method in Section 3. In Section 4 we present different stellar libraries tested to obtain the one that best reconstructs the original galaxy spectra. In Section 5 we draw the conclusions.
THE SAMPLE OF GALAXIES
We have compiled a sample of 23 galaxies that make part of the Sloan Digital Sky Survey (SDSS) and are also present in Ho09 paper (The Catalog Of Central Stellar Velocity Dispersions Of Nearby Galaxies) . This sample is chosen to be representative in a sense that it contains various morphological galaxy types (Fig 1) . All the spectra are downloaded from the SDSS database according to their equatorial coordinates obtained using the electronic database HyperLeda (Paturel et al. 2003) 1 query form supplied with the catalogue names taken from Ho09. In the Ho09 paper, spectra came from the Palomar survey. Minimal signal-to-noise ratio in this sample is 10.43 and the median is 43.50. We have only 3 galaxies with signal-to-noise ratio S/N < 30 (NGC 2770, NGC 4013 and NGC 4478).
LINE-OF-SIGHT VELOCITY DISTRIBUTION
For galaxies as stellar systems, the observed spectrum is a sum of individual stellar spectra originated in the stars moving with their line-of-sight velocities (v los ) and redshifted to some spectral velocity u = c ln λ. This shift of a spectral line ∆λ = (v los /c)λ, in terms of spectral velocity is simply the line-of-sight velocity:
Based on the assumption that the spectrum of all stars is given by a single template S(u), the galaxy spectrum G(u) is a convolution of the stellar spectrum and the line-of-sight velocity distribution function (LOSVD) F (v los ),
The LOSVD function can be retrieved by solving the inverse problem, i.e. deconvolving the spectra using the template. It can be modeled by using the sum of two Gaussians with different amplitudes (Rix and White 1992) , means and dispersions. As a more general parametrization of the LOSVD, we can express the function in terms of its moments
By definition, µ 1 = 0 and the velocity dispersion (σ los ) is simply the square root of the second moment µ 2 given as:
But the higher-order moments reveal the shape of the LOSVD. They are often made dimensionless
(5) and they express the asymmetric (tail-like) and symmetric (bell-like) departures from the Gaussian usually denoted as the Gauss-Hermite parameters h 3 and h 4 (van der Marel and Franx 1993). We would have to know all the moments to determine the LOSVD function uniquely. In practice, however, if we have relatively low S/N-ratio of integrated spectra, we often assume the observed absorption line profiles to be Gaussian. In a subsequent paper (Samurović et al. 2010 , in preparation), we will provide full kinematical profile, i.e. measured higher moments of the LOSVD function of galaxies extracted from SDSS. Here, we will restrict ourselves to Gaussian profiles, in order to compare our results obtained using 3 different stellar libraries to Ho09, HyperLeda database and existing SDSS measurements, which all assume a pure Gauss function.
Direct Pixel Fitting method
Many techniques have been developed to recover LOSVD taking into account the signal-tonoise ratio and computational speed. Early methods mostly used Fourier-fitting technique since it provides a very quick way to recover LOSVD parameters, but more recent methods favour direct fitting in the pixel space. They require long calculation time, but have the advantage of easy exclusion of the gas emission lines.
Using extensive analysis made by Cappellari and Emsellem (2004) , we have decided to use Penalized Pixel-Fitting (ppxf) code that operates in the pixel space 2 . We list some key points of this approach. In short, the best-fitting parameters of the LOSVD are determined by minimizing the χ 2 value, which measures the agreement between convolved stellar spectra and the LOSVD parametric function on the one hand, and galaxy spectrum on the other hand, over the set of good pixels using the BVLS procedure (Bounded-Variables Least-Squares algorithm by Lawson and Hanson 1995) . It is very important to determine these good pixels, because a poor masking of bad pixels and emission lines introduces errors of up to 200%. This can easily be done by visual inspection since one pixel corresponds approximately to one angstrom in the case of the SDSS spectra. Table 3A . in the Appendix lists the emission lines masked prior to the fitting process.
Another important issue: if one is using thousand-angstrom scales, it is essential to normalize stellar spectra to unity and divide by a polynomial that fits the continuum, or else the χ 2 value will not be the true measure of the goodness of the fit. This can even influence the velocity dispersion measurements. To avoid this problem one may cut stellar spectra in intervals of several hundred angstroms, as is done here. For the same reason, we divide the galaxy spectrum by the average of the first and the last pixel value and multiplying it with some number so that the flux does not exceed 100 in any point. Also, the errors of the order ∼ 10 km/s may be obtained by leaving the code to determine the galaxy redshift. To avoid this problem, we previously deredshifted all galaxy spectra with MIDAS 3 using the redshifts found in the SDSS database. This preprocessing is essential to obtain good and stable results.
After the preparation is done, both the galaxy and the template spectra are rebinned in wavelength to a linear scale ln λ, because shift of a spectral line corresponds to the line-of-sight velocity. Afterwards, template spectra are convolved with the quadratic difference between instrumental resolution of the object and template spectra in order to exclude nominal relative resolution difference (fifth column of Table 1). The bounded-variable least squares fitting is then applied between the galaxy spectrum and the stellar spectra that are previously convolved with the parametric Gauss-Hermite function (LOSVD) using h 3 = h 4 = 0. Template weights are simply leastsquares coefficients of the fit, and they are not scaled in any way to yield the information on how they contribute to the galaxy spectrum. However, scaling the template spectra to unity prior to the fit reveals that some templates have higher absolute weights than others. We will return to this point in Sections 4 and 5.
FITTING PROCEDURE: THE KEY POINTS
There are two main points in the fitting process regardless of the method used. The first one is the so-called template mismatch problem. Namely, an assumption that there is the most "pronounced" star that can substitute various stellar types is essentially wrong, and may lead to very poor fitting results. This problem can be easily overcome nowadays by using numerous stellar libraries, that span over large wavelength ranges. However, there is still an issue whether these stars truly make the galaxy spectrum, or they are the source of some degeneracy. As we will show later, different parts of galaxy spectrum may favour different stellar types. This cannot be known a priori, but we have found that in the case with young stars, if the χ 2 value of the fit is better by an order of magnitude than in the case of G+K stars, the contribution of young stars is significant. Then, the error of the velocity dispersion compared to the error obtained using G+K stars will be approximately the same, contrary to the case when introduction of young stars only improves the fit trough a slight decrease of the χ 2 value, but causes the increase in the velocity dispersion error for more than 100%. Then, even if the formal fit may appear better in the case of young stars, we should use G+K stars since these young stars do not contribute as G/K stars do.
The second point is a widely used assumption about the actual shape of the LOSVD function. For convenience, we assume that it can be well approximated by a Gaussian. In this way, we very often over(/under)estimate the velocity dispersion. On the other hand, when we have moderate quality spectra, this assumption is acceptable. Here, for the reasons of comparison, as mentioned earlier, we have used only pure Gaussians.
There is another issue of our lack of knowledge on how dispersion changes throughout the galaxy. The spectra of galaxies that are redshifted differ in the sense that the light is gathered using the fixed aperture (radius 1.5 arcsec in the case of SDSS spectra), thus the estimated velocity dispersions of more distant galaxies are affected by the motions of stars at larger galactocentric radii than for nearby galaxies. For example, if the velocity dispersion of galaxy decreases with radius, the estimated velocity dispersion (using a fixed aperture) of a more distant Table 1 . Description of stellar libraries used in this study. In the second and the third column the total number of stars is listed followed by the number of G and K stars. The fourth column contains the spectral coverage of libraries' stellar spectra, and the fifth column contains the information on instrumental dispersion. galaxy will be systematically smaller than the one of a similar galaxy nearby. This will result in a bias toward smaller velocity dispersions with redshift. However, due to the lack of long-slit spectra, we are forced to use these measurements bearing in mind that large scatter we often obtain, may in part be due to the fact that we use velocity dispersions measured at different radii.
Stellar Libraries
We have used three stellar library databases (DBs), chosen to spread over (almost) the entire SDSS galaxy wavelength range. A basic description of the used libraries can be found in http://wwwastro.physics.ox.ac.uk/˜mxc/idl/, with links to each database listed. Due to the limits imposed by the range of SDSS spectra (3800 − 7640)Å, we have chosen Miles (3525−7500)Å, Valdes (3460−9464)Å and Elodie (4100 − 6800)Å stellar libraries. A short description of libraries is given in Table 1 . The last column in the table is the observational resolution. It is very important to incorporate it into the code, since it is a starting point for the fitting process. If omitted, or placed incorrectly, the fitting results will be very poor, if any. All stellar libraries yield similar results as will be shown below.
Another question is which stellar types to use for finding the optimal template. Apart from G+K stars, we have used all the stars available in the stellar libraries to measure velocity dispersions, and see how much young stars contribute to the galaxy spectra. Combination of G+K stars gives reasonably good fits with much smaller errors of the velocity dispersion then in the case when all stars were used. Introducing young stars improves the fit only formally -the χ 2 values are slightly smaller, but errors of the velocity dispersions are significantly larger than in the case of G+K stars. In Fig. 2 , the difference between galaxy spectrum fitted using all template stars and only G+K stars from Elodie stellar library may be seen. The difference in velocity dispersion is about 60 km/s and the χ 2 value differ by order of magnitude larger. This was, however, the single case in our sample. In Fig. 3 we show a typical case of using young stars in addition to G+K stars, where the difference cannot be seen visually since the velocity dispersion changed by only 1 km/s, but the error of the velocity dispersion increased for 9 km/s. We have also tested the influence of change of the spectral regions on the velocity dispersion measurements. We have found that the use of various spectral regions produces larger errors than inclusion of young stars, as will be shown in the next Subsection.
Using Elodie stellar library, we had only one galaxy which favored young stars, i.e. when both velocity dispersion error and the χ 2 value were improved by using young stars (Fig. 2) . In all other cases, the velocity dispersion errors increased and the χ 2 values of the fit decreased slightly which implies some sort of degeneracy since the fit is performed using the template stars obtained trough least-square fitting of all stars for each galaxy. The mixture of many stellar types results in the best-fitting template consisting of small amounts of all these stars (all stellar spectra are incorporated to some extent in the final template spectrum), understating the contribution of few stars that contribute most to the galaxy spectrum (the contribution of the most prominent stars is "masked" by other stars from the mixture). Thus, approximately the same values of the velocity dispersion and χ 2 of the fit imply that young stars do not contribute to galaxy spectrum as G and K stars do.
To summarize, the recipe for the successful determination of kinematical properties is to use only G+K stars, while for the galaxies with the χ 2 values significantly larger (order of magnitude) from others, one should introduce young stars in addition. If this, however, does not decrease the χ 2 value by an order of magnitude, than some other phenomenon is responsible for the poor result and the first fit (using G+K stars only) should be used, since some sort of degeneracy occurred.
Tests with different spectral regions using all stellar libraries
We have initially divided the range covered by the SDSS spectra (3800,7640)Å in 5 parts, since this was the best solution to the slope-problem introduced in Subsection 3.1. However, the absence of any prominent absorption in the last part of the spectrum (6872,7399)Å 4 yielded very poor fit results, and we had to exclude this region. Finally, we formed 4 different regions: (3800,4568)Å, (4568,5336)Å, (5336,6104)Å and (6104,6872)Å. For each of them we have separately calculated the velocity dispersions using G+K stars and, in Fig. 5 , we compare the results when different stellar libraries are used. In Fig. 5 , velocity dispersion measurements from all 4 spectral regions are averaged according to Eq. (6) for all 3 stellar libraries used.
One can see that Elodie database (Elodie DB in the legend) yields the smallest errors. From the Fig. 4 , one can conclude that Elodie database has the smallest errors of the velocity dispersion compared to other databases. Further, one may notice that the third region exhibits larger errors. These errors are much larger then those introduced by the usage of young stars in addition to G+K stars. To obtain a final value of the velocity dispersion, we have weighted both the velocity dispersion and its error from each region with its corresponding χ 2 :
whereσ is the average value of the velocity dispersion σ i (i = 1, 2, 3, 4) from all 4 spectral regions, weighted with χ 2 i (i = 1, 2, 3, 4) value of each region andσ err is the average value of the velocity dispersion error σ i,err (i = 1, 2, 3, 4) weighted in the same way.
The resulting values will be closer to those with the smaller χ 2 values, i.e. better fitted regions. The largest error from all 4 regions is taken as the final error of the velocity dispersion, even though these are not real measurements (but fitting results) and errors are obtained using statistical methods. These errors are very similar to those given by Eq. (7) as can be seen from Fig. 6 (grey error bars correspond to the largest errors), where they are compared to somewhat smaller χ 2 -errors (black error bars). In Fig. 6 we compare the final results to the existing measurements from Ho09, HyperLeda and SDSS databases. Circles in Fig. 6 are averaged values (Eq. 6) of the velocity dispersion vs. Hubble type obtained using Elodie stellar library with gray error bars as the largest errors from all the regions and joined black error bars as errors weighted using Eq. (7).
Another comparison is made in Table 2 , where results from the second (σ II ) and the fourth (σ IV ) region are compared to blue σ blue and red σ red part of the spectrum, taken from Ho09. There are differences that are not within errors, but the overall trend is the same. Regions do not overlap with those from Ho09 completely, which is in part responsible for the discrepancy. Namely, in Ho09 the so-called blue and red regions cover (4260,4950)Å and (6400,6530)Å respectively, while in this work the second region covers (4568,5336)Å, and the fourth (6104,6872)Å. The results differ and this cannot be explained by errors (errors do not span over the differences) or other stellar library used, since we have shown that different stellar libraries cause only small differences both regarding dispersions and corresponding errors. We have calculated dispersions using the same stellar library (with only G and K stars) as in Ho09 and, again, we could not find better agreement (Table 2A in the Appendix). We are left with only one conclusion -the code is responsible for the differences.
Fig. 5. The velocity dispersion of the sample of 23 galaxies as a function of the Hubble type for different stellar libraries. The results are mostly within errors calculated using the Monte-Carlo simulation of the noise added artificially to the stellar template spectra. There is a small offset along the x-axis for the reason of visual clarity. Points are calculated as weighted averages in 4 spectral regions according to Eq. (6). For error bars we have taken the largest error from all 4 regions for each galaxy.
In Table 3 , we have listed measurements from Ho09 (σ Ho09 ), HyperLeda database (σ Leda ), SDSS database (σ SDSS ) and those derived in this work (σ final ). To obtain a single value from the HyperLeda database σ Leda , we have calculated averaged values weighting dispersions from all given catalogues with the corresponding errors, if given. If the errors were not supplied or some values differed significantly, we have omitted those measurements. We have taken the largest error from all measurements for each galaxy. The last column in the table (σ final ) is the averaged velocity dispersion weighted using Eq. (6) and the errors are the largest errors from all four spectral regions, which correspond to gray error bars in Fig. 6 . To obtain this σ final , we have used the Elodie database since we found it is the most reliable, and stable when young stars are introduced; the results are insensitive to the morphological type of galaxies and they are very stable throughout the spectral regions used.
We have found a very good agreement with SDSS DB measurements, reasonable agreement with Ho09 values and large discrepancies when we compare our results with the data found in the HyperLeda database. However, HyperLeda is a compilation of catalogues and the results found there are averaged values from several catalogues.
CONCLUSIONS
We have calculated central velocity dispersions for 23 nearby galaxies from the SDSS survey, that are also included in the paper by Ho et al. 2009 (Ho09) , where galaxy spectra from Palomar survey had been used. In this sample of galaxies all morphological types are represented. Galaxy stellar kinematics was extracted from the absorption-line spectra using Penalized Pixel-Fitting method (Cappellari and Emsellem 2004) . In this study we have divided the galaxy spectrum in four regions to be able to obtain reliable and comparable estimates of the goodness of the fit, since the existing slope in the stellar templates spectra affects this value. The second and the fourth region approximately coincide with the socalled blue and red spectrum from the paper Ho09. We have found reasonable agreement with the velocity dispersion measurements from the paper Ho09 (Table 2) . Table 3 . Comparison of velocity dispersion measurements with those from Ho09 paper (σ Ho09 ), HyperLedaregions so that the error can not encompass the velocity dispersion measurements from all four regions. Moreover, this shifting enables better measurements (with smaller χ 2 values), to contribute more to the final averaged dispersion, so even if the dispersion is quite different in some spectral region and less precisely determined (with larger χ 2 value) it will not much affect this final, adopted value. It is, therefore, important to use the whole galaxy spectrum for determination of the velocity dispersion. The main reason for the discrepancy between different spectral regions is a bad masking of the emission lines. It may change the calculated dispersion by even more than 200%. This is the reason why we give the list of the masked lines in the Appendix (Table 3A) . Another reason could be the use of only G and K stars to obtain the optimal template star. We have given the example of one star (Fig. 2) where there is a real need of adding young stars in addition to G and K stars. In all cases except this one, we have shown that young stars do not contribute to the galaxy spectra and are responsible for enlarging the errors of the velocity dispersion.
Finally, we made a comparison with the measurements from Ho09 paper, Hyperleda and SDSS database (Fig. 6) . We have good agreement with the results from the SDSS survey, and we believe this is due to the fact that in SDSS the whole galaxy spectrum is used in the fitting process. We obtained a reasonable agreement with Ho09 measurements, but there are differences that cannot be explained by differences in the spectral regions or stellar library used only. As can be seen from Table 1A in the Appendix, the velocity dispersion does not change much throughout the spectral regions; we have also calculated dispersions of the sample using Valdes stellar library (Appendix : Table 2A ) and, again, could not find a better agreement with Ho09 paper. We believe this discrepancy may be due to the different code used. SDSS velocity dispersions are calculated also with a different code, but there is a good agreement with our work. Large discrepancies with HyperLeda catalogue measurements probably come from the fact that it is the compilation of catalogues.
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